The immune response to intradermal or intramuscular hepatitis B vaccine in 18 children with insulin dependent diabetes mellitus (IDDM) compared with 24 healthy children was studied. Patients were divided into responders, hyporesponders, and non-responders according to their antihepatitis B serum concentrations after hepatitis B vaccination. We also studied HLA class II antigen distribution and did delayed type hypersensitivity (DTH) tests on children with IDDM and controls.
Children with insulin dependent diabetes mellitus (IDDM) are at increased risk of hepatitis B virus (HBV) infection. 1 2 The hepatitis B vaccine is therefore recommended at least in countries where HBV is endemic. Unfortunately, the immune response to hepatitis B vaccine is lower in patients with IDDM than in normal subjects. [3] [4] [5] This is probably due to genetic factors as genes present in the major histocompatibility complex play a central part in the modulation of the immune response to hepatitis B surface antigen stimulation (HBsAg). 6 7 The immune response to hepatitis B vaccine is favoured by HLA-A11, which is present more frequently in responders, while HLA-DR3, DR4, DR7, and B8 have an increased prevalence among hyporesponders and non-responders as well as among patients with IDDM. 6 8 9 For this reason, giving hepatitis B vaccine intradermally could represent an alternative route of immunisation for these patients. Indeed, this procedure, apart from being equally safe, seems more eVective and appropriate in subjects with no or poor immune response to the conventional route of giving the hepatitis B vaccine. [10] [11] [12] Moreover, it is a useful and rapid method of enhancing the immune response. 13 The aim of this study was to compare the immune response to hepatitis B vaccine given either intradermally or intramuscularly in children with IDDM.
Patients and methods
The children enrolled in this study were divided into two cohorts. COHORT 1 Cohort 1 included 18 children with IDDM (11 boys and seven girls) who regularly attended the endocrine clinic of our department and were seronegative for HBsAg and other HBV markers. Their mean (SD) age was 9.1 (4.0) years and their ages ranged between 3 and 17.2 years. The mean (SD) duration of diabetes was 3.4 (2.1) years, ranging between 0.2 and 9 years. They received two to four injections of insulin per day and the mean (SD) concentration of glycated haemoglobin (HbA1 c ) was 7.8% (1.5%). The individual HbA1 c value was calculated from the mean of three to four values obtained in the previous year. None of the patients had diabetic complications. The patients were randomly divided into two numerically identical groups (A and B). Patients in group A (mean (SD) age 9.8 (4.0) years; mean (SD) duration of diabetes 3.3 (1.5) years; mean (SD) HbA1 c 9.4% (1%)) received 3 µg of a recombinant DNA hepatitis B vaccine (Engerix B, Smith-Kline Beecham Biologicals, Rixensart, Belgium) intradermally in the volar face of their left forearm at the start of the study and then at two, four, and six or eight week intervals. Patients in group B (mean (SD) age 8.4 (4.0) years; mean (SD) duration of diabetes 3.4 (1.8) years; mean (SD) HbA1 c : 8.3% (1.6%)) were given three doses of 10-20 µg (the higher dose was injected to patients older than 10 years) of the same vaccine intramuscularly in their left thigh at the start of the study and then after one and six months. The vaccine was not injected in the sites where insulin was usually given. COHORT 2 Cohort two included 24 normal children (15 boys and nine girls) referred to our clinic for short stature and in whom diagnosis of familiar short stature was made. They were selected among those who had not been vaccinated so as to guarantee that age and sex distributions matched those of groups A and B. These children were also randomly divided into two numerically identical groups (A1 and B1) and received the same vaccine schedule as groups A and B. The mean (SD) age of children of group A1 was 6.3 (1.8) years and that of children of group B1 was 7.0 (1.2) years. No statistically significant diVerence was found either between group A and B for age, sex, duration of diabetes, or HbA1 c , or between group A and A1 and B and B1 for age and sex.
After written informed parental consent was received and before intradermal or intramuscular hepatitis B vaccine was given, a sample of venous blood (10 ml) was taken from children with IDDM and from controls in order to evaluate: (1) serum concentrations of HBsAg, HBsAg antibodies (antihepatitis B), and other common markers of HBV infection (Ausria II, Corab and Ausab, Abbott Laboratories, North Chicago, IL, USA). None of the subjects in the four groups was seropositive; (2) HLA class I (B8) determined by serological typing for HLA-A, B, and C antigens, and HLA class II (DR3, DR4, and DR7) determined by polymerase chain reaction (PCR) (PCR by molecular typing for HLA DRB) (Amplicor, HLA DRB test, Roche); (3) serum concentrations of antibodies against diphtheria and tetanus toxoids and trivalent oral polio virus vaccine (OPV) of types 1, 2, and 3 vaccine given at ages 3, 5, and 11 months. The titres of antibodies against diphtheria and tetanus toxoids were determined by passive haemoagglutination technique. Neutralising titres for antibodies to OPV types 1, 2, and 3 were assayed in tissue culture plates containing vero cell monolayers. Titres greater than 0.01 IU/ml for diphtheria and tetanus and 1/4 for OPV types 1, 2, and 3 were considered as protective.
A delayed type hypersensitivity (DTH) test was used to evaluate cell mediated immunity in IDDM and controls by a multiple intradermal antigen dispenser (Multitest IMC, Pasteur Merieux, Lyon, France). Seven diVerent antigens (tetanus, diphtheria, streptococcus, tuberculin, candida, trichophyton, proteus) and a glycerine control were applied on the children's right forearm (through an applicator, preloaded with the tested antigens) and the induration for each antigen tested was measured 48 hours later. The induration size was carefully measured using the two diameters and the mean values recorded. Only reactions with diameters above 2 mm were considered positive. A DTH score reflecting the responsiveness to all antigens was then calculated for each child. The calculation was based on the total of the diameters above 2 mm for the seven tested antigens.
Other blood samples were obtained four to five weeks after the completion of hepatitis B vaccine administration from children with IDDM and normal children for anti-HBs evaluation. According to their anti-HBs serum concentrations, patients were considered responders (> 100 mIU/mml), hyporesponders (> 10 < 100 mIU/ml), or non-responders (< 10 mIU/ml). Non-responders were given an additional dose of hepatitis B vaccine, and anti-HBs serum concentrations were checked four to five weeks later.
Statistical analysis was performed using the 2 test, the 2 test for trend, and the Student's t test after transformation of the data in order to compare the median and the quartiles of antiHBs in children with IDDM and controls, as well as the linear regression analysis for correlations. Table 1 shows the number of responders, hyporesponders, and non-responders in all groups. Subjects in the control groups showed eVective immune response to being given hepatitis B vaccine and therefore were all considered responders. Children with IDDM who were given intramuscular hepatitis B vaccine (group B) also showed eVective immune responses to hepatitis B vaccine, with the exception of one patient who was classified as a hyporesponder. In contrast, among children with IDDM who received intradermal hepatitis B vaccine (group A) we found two non-responders, five hyporesponders, and only two responders. The percentage of responders among children with IDDM of this group was significantly lower than in controls (p < 0.001) and in group B children with IDDM (p < 0.01). Table 2 shows the median and the quartiles of anti-HBs (mIU/ml) in all groups of children. Significantly lower median of anti-HBs was found in group A children with IDDM when compared with controls (p < 0.001) and with group B children with IDDM (p < 0.001). No statistically significant diVerence was observed when this last group of children was compared with controls. Children with IDDM who were non-responders received a fourth dose of hepatitis B vaccine intradermally, but did not show any statistically significant increase in titres of anti-HBs when compared with those obtained after receiving the third dose of hepatitis B vaccine.
Results
As expected, in all children with IDDM HLA class II antigens DR3 and DR4 were more prevalent than in controls (50% v 21% for DR3 and 65% v 25% for DR4). However, the immune response was not aVected by HLA types (data not shown).
There was no statistically significant diVerence in titres of antibodies against diphtheria and tetanus toxoids and OPV virus types 1, 2, and 3 in children with IDDM (A and B) and controls (A1 and B1).
The number of positive responses (> 2 mm) to the seven tested antigens (1.50 (0.89 SD) v 3.85 (1.42 SD)) and the mean (SD) DTH score (7.30 mm (5.93 mm) v 14.92 mm (7.35 mm)) were both significantly lower (p < 0.001 and p < 0.01, respectively) in children with IDDM compared with controls. Figure 1 shows a significant correlation (p < 0.001) between titres of anti-HBs and the mean DTH score in children with IDDM who were vaccinated intradermally. No correlation was found either among titres of anti-HBs and DTH score in groups B, A1, and B1 or among titres of anti-HBs and age, duration of the disease, or HbA1 c in groups A and B.
Discussion
Our study shows no significant diVerence between children with IDDM and controls in their immune responses to intramuscular hepatitis B vaccine. However, there was a poorer immune response to intradermal hepatitis B vaccine in children with IDDM (group A). This hyporesponsiveness does not seem to be correlated with HLA II class antigen distribution as there were no diVerences among responders, hyporesponders, and nonresponders, nor does it appear to be due to age or duration of diabetes. Some evidence suggests that patients with IDDM show immunological disturbances in cell mediated immunity in which macrophages should play a central part in antigen presentation for antibody production by B cells. [14] [15] [16] [17] [18] [19] Our results, although the number of patients examined is small, support this evidence. As has been previously reported in our series, children with IDDM have a defect in cell mediated immunity as suggested by the low number of positive responses to tested antigens and low DTH score when compared with controls. 20 21 The low DTH score was not influenced by the previous exposure to the antigen used because serum concentrations of antibodies against diphtheria and tetanus toxoids and OPV virus types 1, 2, and 3 were similar in children with IDDM and in controls. Therefore in these patients there may be impaired macrophage activity causing a failure in antigen presentation. In our opinion this abnormality in the immune system may be responsible for the lower number of responders and lower median anti-HBs titre in children with IDDM receiving vaccine intradermally as compared with those receiving vaccine intramuscularly. This hypothesis is further supported by the finding that there is a significant correlation between antibody responses to hepatitis B vaccine intradermally and cutaneous reactivity to Multitest. Therefore where hepatitis B vaccine is oVered to children with IDDM, intramuscular administration may be preferable in order to guarantee adequate and long term protection against HBV infection. Anti-HBs titres DTH score (mm) 100 1 1 0 r = 0.8
